Summary. The effect of exogenous acid amyloglucosidase on sulphonylurea-indueed insulin release was investigated in mice and rats. 1. Pretreatment of mice with acid amyloglucosidase enhanced insulin release induced by the different sulphonylurea derivatives, earbutamide, tolbutamide, glibenclamide, and glibornuride. 2. A dose-response relationship between glibenclamide-indueed insulin response and amyloglueosidase dosage covering a 6g-fold concentration range was established in mice. 3. Pretreatment of the animals with other macromoleeules of similar physiological or chemical properties to acid amyloglucosidase such as e-amylase, /~-glucuronidase and albumin did not influence glibenclamide-induced insulin release, l. The effect of acid amyloglucosidase pretreatment on insulin release induced by different agents known to affect the islet-cell adenylate cyelase-cyclic AMP system such as secretin, L-isopropylnoradrenaline (L-IPNA), arginine, glibenclamide and 3-isobutyl-l-methylxanthine (IBMX) was tested. It was observed that in animals pretreated with acid amyloglucosidase, insulin release was enhanced when stimulated by glibenclamide, a phosphodiesterase inhibitor, but it was similarly enhanced by arginine, a phosphodiesterase activator. Insulin release induced by seeretin, L-IPNA, and IBMX was unaffected. 5. Acid amyloglueosidase pretreatment in rats enhanced plasma immunoreactive insulin levels following glibenclamide injection not only in the peripheral veins but also in the portal vein. 6. Mice fasted for 24 hrs displayed a markedly depressed insulin response to tolbutamide injection. Pretreatment of the fasted animals with acid amyloglucosidase could restore the tolbutamide-indueed insulin release to the same level as that recorded in a group of freely fed mice. It is suggested that acid amyloglueosidase plays an important role in insulin secretion induced by sulphonylureas. Most evidence suggests that this effect is exerted within the B-cell although an additional effec~ on the liver cannot be ruled out.
glucose from glycogen, and it was suggested that hydrolysis of B-cell glycogen to glucose through the action of acid amyloglucosidase might be of functional significance for certain insulin releasing processes [14] . Previous studies [7, 8, 13] had indicated that insulin releasing agents such as glueagon, eyelie-3',5'-AMP and sulphonylureas reduce the glycogen levels in mouse pancreatic islets in vitro and that the phosphorolytic glyeogenolysis in the islets was comparatively slow [23] . The activity of acid amyloglueosidase in mouse islet tissue, however, was found to be twice that of liver and 10 times that of skeletal muscle. It was markedly reduced to about 10% of normal in islet tissue from alloxan diabetic mice and more than twice that of the normal level in islets of the insulin hypersecreting obese mouse (AO-Mouse) [17] . It was also shown to display sedimentability, structure-linked latency, and an acid pit-optimum suggesting a lysosoreal localization of the enzyme [17] . It was also observed that, compared with control islets, there was an increase in the "free" activity of acid amyloglueosidase in islets prepared from animals two minutes after an intravenous injection of an insulin-releasing dose of the sulphonylurea glibenelamide. Moreover, pretreatment of mice with small amounts of a highly purified acid amyloglucosidase of fungal origin [16] resulted in a marked enhancement of glibenelamide-induced insulin release [18] .
The present communication is concerned with further studies of the effect of exogenous amyloglueosidase on sulphonylurea-induced insulin release. The following questions were the main points of interest: 1. Does exogenous amyloglueosidase enhance insulin release stimulated by snlphonylureas other than glibenelamide ? 2. Do increasing doses of exogenous amyloglueosidase display a dose-response relation with sulphonylureainduced insulin release ? 3. Does pretreatment of mice with enzymes or macromoleeules of similar properties or similar chemical nature to amyloglueosidase influence sulphonylurea-induced insulin release ~. 4 . Does acid amyloglucosidase pretreatment affect insulin release induced by agents known to influence the islet-cell adenylate cyclase-cyclie AMP system ? 5. Is the observed increase in sulphonylurea-induced insulin release after pretreatment with amyloglucosidase manifested not only in the peripheral veins but also in the portal vein ? 6. Does pretreatment of fasting mice ~dth amyloglucosidase improve the normally markedly depressed release of insulin induced by sulphonylurea in this nutritional state ? perimental group received acid amyloglncosidase (to mimic the enzyme protein). Blood sampling was performed by orbital puncture using commercial constriction pipettes as described previously [25] . For measurement of insulin concentrations in the portal vein, rats were anaesthetized by the intraperitoneal injection of nembutal, 4 mg/100 g body weight. 250 ~1 blood samples were rapidly taken by puncture of the portal vein (45 see) or the retrobulbar plexus (1.5 rain) after intravenous injection (tail vein) of glibenclamide or saline, respectively. Blood glucose levels were determined enzymatieally [21] . The concentrations of insulin in plasma were determined by the method of Heding [6] using l~SI-labelled pig insulin and guinea pig anti-piginsulin. Further experimental details will appear under Results. Student's t-test was employed for tests of significance.
Results

Effect of Acid Amyloglucosidase Pretreatment on Insulin Release Induced by Different Sulphonylurea Derivatives
The first series of experiments (Table 1 ) was designed to elucidate the influence of acid amyloglu- 
Experimental
All compounds used were dissolved in 0.9% NaC1 and injected into a tail vein of the mouse or rat. Gelatine (0.05% gelatine in 0.9% NaC1) was always given to control animals as pretreatment when the exeosidase on the insulin-releasing effect of sulphonylurea derivatives of both the old type (carbutamide, tolbutamide) and the newer type (glibenclamide, glibornuride). Groups of mice were pretreated by intravenous administration of either a small dose (0.5 ~mole/ kg) of purified acid amyloglucosidase or gelatine. 2.5 h following this pretreatment the animals were injected with a dose of the sulphonylurea derivatives which had been shown to provoke insulin responses of about equal magnitude. From Table 1 it may be seen that amyloglucosiduse pretreatment augments the acute insulin release induced by all four sulphonylurea compounds. The increase in insulin response after enzyme pretreatment was 47% (carbutamide), 31% (tolbuta-mide), 69% (glibcnelamide), and 87% (glibornuride), respectively, under the present experimental condi, tions. The newer sulphonylureas were thus slightly more influenced by amyloglucosidase prctreatment than the older ones. Blood glucose concentrations were within the same range in all groups.
Dose-Response Relationship between Dose of Exogenous
Amyloglucosidase and Glibenelamide-Induced Insulin l~elease In order to establish if a relationship existed between the sulphonylurea-induced insulin response and amyloglucosidase dosage the following experiment was designed. Groups of mice (6 mice in each group) were prctreated with acid amyloglueosidase in doses from 0.0125--0.8 9moles/kg, covering a 64-fold concentration range. The animals were then injected with gliben-
Effect of Other Macromoleeules of Similar Physiological or Chemical Properties as Acid Amyloglucosidase on
Glibenclamide-Induced Insulin Release A series of experiments was designed to test whether other macromolecules of the same enzymatic or chemical nature as acid amyloglueosidase might influence sulphonylurea-induced insulin release. The following macromolecules were selected: Albumin because it has similar molecular weight and charge to the protein part of the acid amyloglucosidase; fl-Glueuronidase because it is a lysosomal hydrolase of glycoprotein nature, as is the acid amyloglucosidase; and s-amylase because it is a glycogenolytic hydrolase of glycoprotein nature, producing mainly maltose as reaction product instead of the free glucose produced by acid amyloglucosidasc. The result is presented in Table 2 . Table 2 shows that only acid amyloglucosidase 1. Dose-response relationship between dose of amyloglucosidase and glibenclamide-induccd insulin release. Pretreatment with different doses of acid amyloglucosidase was given 2.5 hrs before the experiment. Plasma insulin levels were measured 2 rain after an intravenous injection of glibenclamide (0.5 Ezmole/kg). Means and standard error of the means are shown. Each group consists of 6 mice. Control groups showing basal insulin levels and insulin levels following gelatine + glibenelamide are included. Abscissa: Dose of acid amyloglucosidase, (Ezmoles/kg body weight) (log sesle) Ordinate: Plasma immunoreactive insulin, ~U/ml. Blood glucose levels were within the same range in all groups clamide (0.5 g.moles/kg) and acutely released insulin (peak levels) was determined. Appropriate groups of animals for recording of plasma insulin levels in glibenclamide-controls and saline-controls were included ( Fig. 1 ). It appears from Fig. 1 that increasing doses of acid amyloglucosidase resulted in increasing peak levels of insulin folloMng glibenclamide injection in an ordinary log dose-response relationship. has the ability to enhance glibcnelamide-induced insulin release, while the other macromolecules were without any effect.
Influence of Acid Amyloglucosidase Pretreatment on Insulin Release Induced by Agents Known to Affect the Adenylate Cyclase-Cyclic AMP System
Sulphonylurea compounds have been shown to affect the adenylate cyclasc-cyclic AMP system in different tissues including the islet cells, suggesting an involvement of this system in sulphonyhrca-induced insulin release (cf. 26). Therefore it was decided to test the effect of acid amyloglucosidase pretreatment on insulin release induced by different agents known to affect the islet-cell adenylate cyclase-cyclic AMP system. It appears from augmented by the enzyme, whereas another phosphodiesterase inhibitor, the very potent IBMX, is unaffected.
Effect of Acid Amyloglueosidase Pretreatment on Glibenclamide-Induced Insulin Release in the Portal and Peripheral Vein of the Rat
The next series of experiments was designed to elucidate whether acid amyloglucosidase pretreatment would enhance plasma insulin levels following sulphonylurea injection not only in the peripheral veins but also in the portal vein. Anaesthetized rats were laparotomized and an intravenous injection of gliben: clamide was given via a tail vein. After about 45 see a 250 y.1 blood sample was drawn from the portal vein. Blood samples from peripheral veins were drawn from the retrobulbar vein plexus after about 1.5 rain. It is evident from Fig. 2 that the acid amyloglucosidaseinduced increase in peripheral plasma insulin levels presented in Fig. 3 . Groups of both fasted and fed mice were pretreated with acid amyloglucosidase (stippled columns). Controls received gelatine (white eolnmns). It appears that tolbutamide-induced insulin release in fasted mice is markedly reduced compared with the response in fed arfimals. It is also shown (Fig. 3) that pretreatment with acid amyloglueosidase in fasted mice restores the insulin response to tolbutamide to the normal level recorded in the gelatine-pretreated fed mice. Acid amyloglucosidase pretreatment in the fed animals enhanced tolbutamide-indueed insulin release, as was expected (Fig. 3) .
Discussion
In a recent investigation [16] it was demonstrated that injection of small amounts of rigorously purified acid amyloglucosidase into normal mice induced a 
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following glibenclamide injection was manifested also in the portal vein. A slight decrease in portal blood glucose level after acid amyloglucosidase pretreatment was also observed (Fig. 2) .
Comparison of Sulphonylurea-Induced Insulin Release with and without Acid Amyloglucosidase Pretreatment in Fed and t~asted Mice, Respectively
Since fasting is known to reduce sulphonylureainduced insulin release it was decided to study the influence of acid amyloglucosidase prctreatment on tolbutamide-induced insulin release in the fasting state. Accordingly mice were fasted for 24 h before the experiment. A control group receiving the standard pellet diet was included for comparison. All animals were given tap water ad libitum. The pattern of tolbutamideinduced insulin response in the different groups is small but significant elevation of basal plasma insulin levels. The most striking effect of treatment of normal mice with the purified enzyme, however, was a marked enhancement of insulin release in these mice following an intravenous injection of the sulphonylurea-derivatire, glibenclamide [18] . From the data presented above it is obvious that this augmentation of glibenclamideinduced insulin release is shared by other sulphonylurea-derivatives. It is demonstrated ( Table 1) that acid amyloglucosidase pretreatment increases insulin release induced by sulphonylureas of both the old generation (carbutamide, tolbutamide) and the new (glibenelamide, glibornuride). The increase in insulin response following amyloglucosidase pretreatment was more pronounced after injection of the newer sulphonylureas (glibenclamide 69 %, glibornuride 87 %) than after the older ones (carbutamide 47%, tolbutamide 31%).
Whether these results reflect a qualitative or a quantitative difference between the new and the old type of sulphonylurea-derivatives cannot be answered at present.
Further evidence for the dependency of sulphonylurea-induced insulin release on acid amyloglucosidase activity is the observation that an ordinary log doseresponse relationship could be established between amyloglucosidase dosage and glibenclamide-induced gical and chemical properties similar to acid amyloglucosidase might influence sulphonylurea-induced insulin release. In this investigation a couple of macromolecules with such properties were tested. The molecular weight of Aspergillus niger amyloglucosidase is about 100000 [24] . It is a glycoenzyme and its protein part has similar molecular weight and charge to albumin. Administration of albumin to mice, however, did not influence sulphonylurea-induced insulin release. Fig. 3 . Effect of acid amyloglucosidase pretreatm,ent on tolbutamide-induced insulin release in fed and fasted mice, respectively. Blood glucose and plasma irrzmunoreactive insulin levels in groups of mice treated with gelatine+saline and gelatine -F tolbutamide (white columns) or acid amyloglucosidase+tolbutamide (st)ippled columns). Gelatine or acid amyloglucosidase (0.05 ~tmo]e/ kg) was given 2.5 hrs prior to the experiment. Blood samples were drawn 2 rain following injection of saline or tolbutamide (148 ~moles/kg). Bars indicate standard error of the mean. P-= probability level of random difference. NS = not significant. 6--8 mice in each group insulin release (Fig. 1) . This dose-response curve covered a 64-fold concentration range, with the lower limit at a dose of only 0.0125 ~mole amyloglucosidase/kg body weight. Whether this influence of exogenous acid amyloglucosidase activity on sulphonylurea-induced insulin release is exerted only within the B-cell, as has been hypothesized on mainly indirect evidence [14, 18] , is still not definitely proven. For example, the possibility existed that other macromolecules of physioloSimilarly, fl-glueuronidase, a glycoenzyme of lysosomal origin, was without effect (Table 2) . Another glycoenzyme with glycogenolytic properties, e-amylase, was also found not to affect sulphonylurea-induced insulin release, at least not in doses in the range of EDs0 of amyloglucosidase. The failure of e-amylase to influence insulin release is further evidence for the specificity of amyloglucosidase action in this respect, since although e-amylase induces a hydrolytic gly.
49* cogenolysis in a way similar to amyloglucosidase, the reaction product is mainly maltose instead of glucose. Furthermore, ~-amylase has the ability to penetrate into cells and has been shown to reduce liver glycogen levels after administration in vivo [12] as has amyloglucosidase [16] . l~eduction of the total carbohydrate level of the body after a fasting period of 24 h did not inhibit or reduce amyloghlcosidase enhancement of tolbutamideinduced insulin release (Fig. 3) . On the contrary after enzyme prctreatment there was a restoration of the decreased insulin response to tolbutamide induced by fasting. This was rather unexpected and raises the question whether islet amyloglucosidasc levels are sensitive to changes in the nutritional condition of the aninm]s. Such studies are now under way.
A further contribution to the view that a major effect of exogenous amyloglueosidase is exerted in the B-cell is the observation (Fig. 2 ) that glibenclamideinduced elevation of plasma insulin levels in rats is markedly enhanced not only in the peripheral circulation but also in the portal vein after pretreatment with amyloglucosidase. It also shows that this effect of amyloglucosidase is not species dependent so far. An effect of amyloglucosidase on plasma insulin levels elicited through an action in the liver cannot, however, be ruled out because recent data (unpublished) show that a major part of the injected enzyme is trapped by the liver, an organ which is known to have a profound influence on the fate of secreted insulin. Furthermore, there is evidence for an extrapancreatic action of sulphonylureas manifested in the liver [22, 26] . However, because the insulinogenie effect of arginine (Table 3) is enhanced by amyloglucosidase pretreatment, this again favours a major action of the enzyme in the B-cell, since there is no evidence of an effect of amino acids on insulin trapping in the liver.
Recent studies have shown that sulphonylureas affect the adenylate cyclase-eyclic AMP system in differerent tissues, including the islet cells, where they have been shown to act as phosphodiesterase inhibitors [2, 26, 27 ]. Therefore, I tested the possibility that amyloglucosidase pretreatment would enhance insulin release induced by different insulin stimulators known to affect the islet-cell adenylate cyclase-cyclie AMP system. The data in Table 3 above shows that enzyme' pretreatment did not influence insulin release induced by L-IPNA and secretin, compounds which raise the intracellular cychc AMP levels through stimulation of adenylate cyclase, and IBMX, which raises cyclic AMP through phosphodiesterase inhibition. Insulin release following a phosphodiesterase activator, arginine [27], was significantly enhanced by amyloglucosidase pretreatment. These data show that acid amyloglueosidase pretreatment does not enhance sulphonylurea-induced insulin release through an action on the adenylate cyclasc-cyclic AMP system, suggesting that the lysosome-amyloglucosidase pathway so far operates indepedently of cyclic AMP. On the other hand, there is hitherto no evidence against the possibility that sulphonylureas might have a dual insulinogenic action on the B-cell, which, in addition to possible extrapancreatie actions, would tentatively explain the unique and beneficial effects of these agents on maturity onset diabetics with functioning B-cells.
An important question for the presumed validity of the above in vivo results is, of course, the question whether enzyme pretreatment might affect insulin release in response to sulphonylureas indirectly. Although the in vivo situation never can be fully mimicked in vitro, experiments are currently under way to study various effects of amyloglucosidase pretreatment on isolated islets in vitro. I-Iowever, there seems to be no likely candidate among the known physiological insulin seeretagogues, which, activated by amyloglucosidase pretreatment, might be responsible for an enhanced insulin releasing effect by sulphonylureas within 45 sec (Fig. 2) or after a fasting period of 24 h (Fig. 3) . Further indirect evidence for amyloglucosidase participation in sulphonyhrea-indueed insulin release is the previously reported observation [18] that the "free" activity of endogenous amyloglucosidase is enhanced in islets prepared from animals two minutes after an intravenous injection of glibenclamide. Although this increase might be a consequence rather than a cause of the enhanced insulin release other observations, such as a marked enhancement of total endogenous acid amyloglucosidase activity in the islets of the insulin hypersecreting obese mouse (AOmouse) [17] and an insulin releasing capacity in three different strains of mice following a maximal dose of glibenclamide, which roughly correlated with islet amyloglueosidase activity (unpublished), would still favour a role for the enzyme in stimulated insulin secretion. Furthermore previous investigations [18] have shown an increase of glibenclamide-induced insulin release following a lysosomal "labilizer" (progesterone), and a depression following a lysosomal "stabilizer" (dexamethasone). These steroids also act upon nuclear metabolism and other membrane systems and enzyme activities, but other types of lysosome "stabilizers" such as sodium salicylate have recently been shown to depress glibenelamide-induced insulin secretion, while no effect on IPNA-induced insulin release was observed (unpublished).
The nature of the process which constitutes the proposed link between the injected sulphonylurea and the activation of the acid amyloglucosidase in the Bcell and the exact mode of action of the enzyme are still pertinent questions which remain to be elucidated. The sulphonylurea might, for example, penetrate the B-cell membrane, directly activate the lysosome and liberate latent enzyme activity or, alternatively, trigger a receptor on the cell membrane which in turn transmits a signal (messenger) to the lysosome. Recent in vitro investigations by Hellman and coworkers [9, 10, 11] suggest that the sulphonylureas do not readily penetrate the pancreatic B-cells, but more probably stimulate insulin release by a direct action on the Bcell plasma membrane. These results thus favour the latter alternative. The possibility also exists that the injected enzyme might act directly to modify the Bcell plasma membrane, which has been shown recently in vitro for other types of hydrolytic glyeosidases [20] . However, such an effect seems highly unlikely with our present knowledge, since the acid amyloglueosidase acts primarily on ~-1,4-glucosidie linkages and it hydrolyzes other glucosidic bonds at a comparatively negligible rate [1, 2@ Moreover, glucose polymers such as glycogen are the substrata of choice and maltose and other short-chained e-l,4-oligoglucosides are hydrolyzed considerably more slowly [1, 19] , which, theoretically, should be the ease also for any possible amyloglueosidase-susceptible, ~-l,4-glueosidic linkages in, for example, membrane glycoproteins.
So far a great deal of indirect evidence obtained seems to be compatible with the above hypothesis that the major action of the sulphonylureas to release insulin is exerted through the hydrolytic production of glucose from the B-cell glycogen by the action of acid amyloglucosidase. The liberated glucose is then expected to act on the hypothetical "glneoreeeptor" to elicit insulin release. It is known that sulphonylureainduced insulin release is somewhat more rapid in onset than is glucose-induced insulin release [4, 5] , although the contrary might be expected. However, as long as we do not know the exact nature, significance and localization of the hypothetical "glucoreceptor" this discrepancy might well be explained by compartmentalization. This might also explain the apparent failure of mannoheptulose to inhibit sulphonylurea-induced insulin release, although mannoheptulose is an inhibitor of the response to glucose [3] .
From the data presented and discussed above it is suggested that the major part of the acutely released insulin following an intravenous injection of sulphonylurea is released through a direct action on the B-cell involving the lysosome-amyloglucosidase system. Whether the sulphonylurea triggers a receptor on the cell membrane, which in turn transmits a signal to the lysosome, or exerts its action direct on the lysosome remains to be elucidated.
